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CROSS-REFERENCE TO RELATED APPLICATION 

0001 This application claims the priority of German Patent 
AE>plicatioii No- 103 12 972.3, filed on March 24, 2003, the 
isubject matter of which is incorporated herein by 
reference . 

BACKGROUKD OF THE INVENTION 

0002 The invention relates to an optical sensor. 

0003 An optical sensor of this type is known from German 
patent document DE 199 17 509 CI. The optical sensor is 
used for detecting objects in a monitoring range and 
comprises a distance sensor with a transmitter for 
transmitting light rays and a receiver for receiving light 
rays, an evaluation unit for evaluating the signals 
received at the receiver and a deflection unit on which 
the transmitted light rays are deflected so that these 
periodically sweep across the monitoring range- 

0004 The dimensions of different safety zones, forming 

defined partial areas of the monitoring range, are stored 

in the evaluation unit of the optical sensor. However, 

the object detection does not occur in the complete 

monitoring range, but in a selected safety zone. For the 

safety zone selection/ several switches are connected via 
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respectively one feed line to an evaluation unit input, 
wherein each input is assigned a stored safety zone. Upon 
activation of a switch, a predetermined signal value is 
present at the assigned input which corresponds to an 
activation of this, input. The safety zone assigned to 
this input is also activated along with the input, thus 
making it possible to detect the objects in this safety 
zone* For testing purposes, respectively one signal value 
is transmitted via an evaluation unit output to the feed 
lines. If no errors occur, this signal is then waiting at 
the respective evaluation unit input. 

0005 One essential advantage of. this arrangement is that an 
error-safe selection of a specific safety zone can be made 
via a single input of the evaluation unit. The protection 
against errors in this case is ensured through emitting 
the signal values at the evaluation output, which are read 
back into and checked in the evaluation unit via the 
inputs . 

0006 An optical sensor of this type, however, has the 
disadvantage that a plurality of separate inputs must be 
provided for activating these safety zones, in particular 
for a higher number of stored safety zones. In addition, 
this results in an undesirably high cabling expenditure 
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for connecting the individual inputs of the optical 
seneor * 

0007 German patent document DE 195 22 843 CI relates to a 

method for detecting objects in a monitoring range. 
According to this method, at least a first monitoring 
device is installed at the edge of an operating area, with 
the monitoring range positioned parallel to a plane for a 
driving lane within the operating area and a second 
monitoring device is arranged at an access ran^ to the 
operating area which monitors a second monitoring range, 
positioned in a plane perpendicular to the operating area. 

0008 A reference object moving along a track is surveyed 
with the second monitoring range. From these measuring 
values, the contour edges of the range monitored by the 
first monitoring device is derived, 

0009 German patent document DE 44 05 376 CI relates to a 

method for detecting objects located inside a monitoring 

range or objects penetrating this range, wherein a device 

having at least one transmitter, at least one receiver and 

an evaluation unit are used for the monitoring, A 

transmitting beam emitted by the transmitter transverse to 

the beam direction of the transmitter is guided inside the 

range. For different orientations of the transmitted 
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beam, the dietance between the device and the object are 
determined and the position tneasuring values are stored in 
the evaluation unit. 

00010 To detect objects having a specific contour, the 
position tneasuring values for the respective object are 
compared to desired values, which are computed in the 
evaluation unit from the object contour at a predetermined 
position in the range to be monitored. An object having 
the specific contour is considered detected if a minimum 
number N of the position measuring values drops by the 
desired values within at least one tolerance band T. The 
minimum number N of the position values and the 
dimensioning of the tolerance band T are selected in the 
evaluation unit in dependence on the position measuring 
values scattering. 

00011 German patent document DE 197 21 105 Al relates to an 
opto -electronic sensor arrangement with a light 
transmitter for transmitting a light bundle to a 
monitoring range, a light receiver for receiving a light 
bundle, formed by transmitting light that is reflected by 
an object located in the monitoring range in the direction 
of the light receiver, wherein the receiving light bundle 
is at a changeable beam angle to the transmitting light 
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bundle in dependence on the distance between the object 
and the sensor. The opto-electronic sensor arrangement 
further includes a control and evaluation unit for 
processing the output signal from the light receiver. The 
light receiver is provided with a mult i- element light 
sensor comprising at least four individual sensing 
elements , which are arranged adjacent to each other, such 
that the receiving light bundle hits different sensing 
elements in dependence on the beam angle. 

00012 With a network of switches, sums and/or differences of 
the output signals of the multi -element light sensor can 
be formed in different ways. 

00013 German patent document DE 100 01 017 Al relates to a 
reflex light scanner for detecting an object in a 
monitoring field, comprising at least one . light 
transmitter, at least n>2 photodiodes, a transmitting 

. optic / a receiving optic and an evaluation unit, wherein 
the photodiodes are interconnected to form a photodiode 
line and are parallel connected relative to each other. 

00014 The switching distance can be adjusted particularly 
easy and fast owing to the fact that the photodiodes are 
connected on the one hand to a joint potential and that 
adjacent photodiodes are, on the other hand, respectively 

- 7 - (Atty. Dkt.: 38412-201156 RK) 



connected to each other via an opener/ that n-1 openers 
are provided for n photodiodee and that the first 
photodiode is connected to a first channel of the 
evaluation unit and the n^^ photodiode is connected to a 
second channel of the evaluation unit. 

00015 European patent document EP 0571 913 Bl relates to a 
system for recording optical targets. To detect the 
optical targets / patterns are defined within the picture 
to be evaluated, which are respectively correlated with 
parts of the picture in a correlating, device. The 
selection of the patterns occurs via an evaluation unit 
and in dependence on specific picture features - 

00016 European patent document EP 0571 892 Bl relates to an 
image-detection system for detecting the images of labels. 
This system is provided with two target processing units 
by means of which target detection signals are generated. 
These unite are connected to a detection device for 
adjusting the generated target detection signals. 
Finally, the orientation of the label image is determined 
in an additional processing unit. 
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SUMMARY OP THE INVENTION 

00 017 It is an object of the present invention to provide an 

optical sensor of the aforementioned type, for which a 
secure selection of different safety zones can be made 
with the lowest possible expenditure. 

00018 The above and other objects are accomplished according 

to the invention by the provision of An optical sensor 

arrangement, comprising: a transmitter that emits light 

rays; a receiver that receives light rays reflected from 

an object aind having an output producing receiving 

signals; a deflection unit to deflect the transmitted 

light rays to periodically sweep across a monitoring 

range; an evaluation unit coupled to the transmitter and 

the receiver unit and storing parameters of several safety 

zones that form respectively predetermined areas of the 

monitoring range, wherein an object detection signal is 

generated in the evaluation unit in dependence on the 

receiving signals at the receiver output, which object 

detection signal indicates whether or not an object is 

located within an activated one of the safety zone; and a 

communication interface coupled to the evaluation unit and 

operative for bi-directional data transmission with an 
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external unit, wherein at least one of the stored safety 
zones is activated by reading into the evaluation unit 
activation signals from the external unit via the 
communication interface. 

00019 One essential advantage of the optical sensor 
according to the invention is that individual safety zones 
can selectively be chosen via a communication interface 
from a plurality of different safety zones stored in the 
evaluation unit. The circuitry and cabling expenditure 
for activating the safety zones can thus be kept at a 
minimum. 

00020 The communication interface in particular can be an 
interface for transmitting parameter values. The 
expenditure for circuitry and cabling is reduced even 
further as a result of this multiple use of the interface. 
The parameter values which are read into and stored in the 
evaluation unit include / for example, the contours of the 
individual safety zones within which an object is to be 
detected, 

00021 The communication interface in an exemplary 
embodiment is designed as a serial interface, e.g. in the 
form of a RS 232 or a RS 485 interface'. Alternatively, 
the communication interface can also be a bus interface 
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and preferably a field bus interface, e.g. a process data 
highway interface, wherein a secure field bus interface is 
preferably used- The communication interface can 

furthermore also be an ethernet interface or the like. 

00022 In general, the communication interface thus functions 
as a universal interface for connecting to external units 
such as control systems and bus systems. With this 
interface and using universal standard data transmiseion 
protocols, the safety zone where the objects are to be 
detected can be activated at predetermined moments in the 
optical sensor. The data transmission via the 
communication interface in that case can be wire -connected 
or non- contacting, for example by using optical 
transmission or radio transmission. 

00023 An activation signal with a specific identification 
characteristic for the safety zone is transmitted for 
activating a safety zone. 

00024 In particular for the case where the optical sensor is 
used for the protection of persons, it is necessary to 
ensure an error- free activation of the safety zones to 
maintain the required safety level . 

00025 With a typical single- channel design for the 
communication interface hardware, the necessary safety 
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level is reached with the aid of the software for 
transmitting data via the communication interface. 

002 6 Checksum techniques, which are 3aiown per se, can be 

used for transmitting the activation signals, so as to 
uncover possible transmission errors and ensure a secure 
data transmission. 

0027 With a particularly advantageous embodiment, a 

feedback signal is generated in the evaluation unit after 
an activation signal has been read by an external unit 
into the evaluation unit of the optical sensor to achieve 
the required safety level. This feedback signal must be 
recorded by the external unit within a specified time 
interval following the transmission of the activation 
signal. An error message is generated if this feedback 
signal is not recorded correctly or not within the 
specified time. Following this error message, the 

activation signal is preferably transmitted again until it 
is received correctly in the evaluation unit. in the 
simplest case, the feedback signal itself consists of an 
acknowledgment of the activation signal (handshake) , 
indicating that the activation signal was received 
correctly. it is particularly advantageous if the 

feedback signal provides feedback that the safety zone has 
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been activated. In this way, a check can be run an the 
external vmit to determine whether or not the correct 
safety zone was activated in the evaluation \init. 



BRIEF DESCRIPTION OF THE DRAWINGS 

00028 The invention is explained in the following with the 
aid of the drawings. 

00029 Figure 1 is a schematic representation of an exemplary 
embodiment of the optical sensor 

00030 Figure 2 is a schematic representation of a safety 
zone monitored by the optical sensor shown in Figure 1. 

DETAILED DESCRIPTION OF THE INVENTION 

00031 Figure 1 shows an exemplary embodiment of an optical 
sensor 1 for detecting objects. The optical sensor 1 
comprises a distance sensor element with a transmitter 3 
for emitting light rays 2 and a receiver 5 for receiving 
light rays 4, The transmitter 3 preferably consists of a 
laser diode followed by a transmitting optic 6 for 
generating the light rays 2* The receiver 5, for example, 
is a photodiode with a receiving optic 7 arranged in 
front - 
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00032 



The distance can thus be measured on the basis of the 



phaae measuring principle. For this, the laser diode 
operates in the continuous wave (CW) mode, wherein an 
amplitude modulation is imprinted on the transmitted light 
rays 2. On the receiving side, the distance information 
is determined through a comparison of the phase positions 
for the emitted light rays 2 and the received light rays 
4, which are reflected by the object and impinge on 
•receiver 5. 

00033 An evaluation unit a, to which the transmitter 3 and 
the receiver 5 are connected via feed lines that are not 
shown in Figure 1, is used for the evaluation, i.e., to 
carrying out the distance measuring algorithm. In an 
exemplary embodiment, evaluation unit 8 may comprise a 
micro-controller. 

00034 The distance can alternatively also be measured with 
the pulse- transit time method, for which the transmitter 3 
emits short transmitting light pulses. The distance 
infoarmation in that case is determined through directly 
measuring the transit time of a transmitted light pulse to 
an object and back to the receiver 5. 



00035 



The transmitted light rays 2 and the received light 



rays 4 are guided over a deflection unit 9 . 



The 
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deflection unit 9 is provided with a deflection mirror 10, 
which is positioned on a base 12 that is driven by a 
rotating motor 11. The deflection mirror 10 thus rotates 
with a predetermined speed around a vertical axis of 
rotation D. The transmitter 3 and the receiver 5 are 
arranged in the axis of rotation D, above the deflection 
mirror 10- 

00036 The deflection mirror 10 is inclined at a 45** angle 

relative to the axis of rotation D, so that the 

transmitted light rays 2, which are reflected at the 

■ mirror 10, leave the optical sensor 1 in a horizontal 

direction. in the process, the transmitted light rays 2 

pass through an exit window 13, arranged in a front wall 

of housing 14 for the optical sensor 1. The housing 14 

has an essentially cylindrical design, wherein the exit 

window 13 extends over an angular region of 180**. The 

transmitted light rays 2 accordingly can sweep across a 

horizontally positioned monitoring range 15 in which 

objects can be detected, as shown in particular in Figure 

2 . The received light rays 4 which are reflected back by 

the objects pass in a horizontal direction through the 

exit window 13 and are guided over the deflection mirror 

10 to the receiver 5 . The border for the monitoring range 
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15 is predetermined by the maximum scanning distance for 
the distance sensor. 

00037 To detect the position of an object, the momentary 
angle position of deflection unit 9 is continuously 
detected with an angle transmitter that is connected to 
the evaluation iinit 6 and is not shown herein. The 
position of an object is determined in the evaluation unit 
8 from the angle position and the distance value recorded 
in this angle position. 

00038 Optical sensors 1 of this type are used in particular 
also in the area of protection of persons, wherein the 
evaluation unit 8 has a redundant design to meet safety- 
technical requirements. 

00039 From a safety- technical aspect, the detection of 
objects and persons typically does not occur over the 
complete monitoring range is that is scanned with the 
transmitted light rays 2, but within a limited safety zone 
16. Figure 2 shows one exan^le of a safety zone 16 of 
this type, wherein the safety zone 16 in this case is a 
rectangular, planar surface. An object report is 
generated as soon as an object or a person enters the 
safety zone. This object report is transmitted as binary 
object detection signal via a switching output that is 

"IS - (Atty. Dkt.: 38412-201156 RK) 



1 



connected to the evaluation unit 8 and is not shown 
herein. This binary object detection signal can be used to 
shut down a machine for which the surrounding area is 
monitored by the optical sensor 1, 

00040 Many safety-technical applications require that the 
objects be detected at different times in differently 
configured safety zones 16. 

00041 For example, if the optical sensor l is attached to 
the front of a vehicle, in particular a transport vehicle 
without driver to monitor the area in front, it makes 
sense if the size of the safety zone 16 depends on the 
vehicle speed. For this, a large safety zone 16 is 
typically required for high speeds to record objects that 
are still far away, whereas a smaller safety zone 16 may 
be sufficient for slower speeds. 

00042 Several safety zones 16 with different contours and 
dimensions are therefore stored in the evaluation unit 8 
to adapt the sensor 1 to time -dependent application- 
specific requirements of this type. 

00043 The geometric dimensions of the safety zones 16 are 
preferably read via a comnrunication interface 17 as 
parameter values into the evaluation unit 6 before the 
optical sensor i becomes operational. The communication 
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interface 17 forme an interface for the bidirectional data 
transmission between the optical sensor 1 and an external 
unit 18. 

00044 Examples of the communication interface 17 that may be 
used for implementing the invention include a serial 
interface, for example a rs 232 or a RS 485 interface. 
Depending on the area of use of the optical sensor 1, the 
communication interface 17 can also be a bus interface. 
In particular, the communication interface 17 can be 
designed as field bus interface for connecting the optical 
sensor 1 to a process data highway or the like. The 
communication interface 17 in general can also be an 
ethernet interface or a similar interface. 
00045 For the present case, the communication interface 17 
of the optical sensor 1 is coupled via a communication 
path 19 to external unit 18 so that a transmission of the 
data occurs via the communication interface 17. m 
general, the data transmission can be a wire connection or 
can be non-contacting, for example by transmitting optical ' 
signals or radio signals via the communication interface 



17. 

00046 



Activation signals are transmitted in addition to the 
parameter values via the communication interface 17, 
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wherein individual safety zones 16 can be selected with 
these activation signals and via the external unit in the 
optical sensor 1 from the safety zones stored in the 
evaluation unit 8. For this, the object detection in the 
optical sensor 1 occurs .only within the respectively 
activated safety zones 16. 

00047 In principle, several safety zones 16 can be activated 
simultaneously. For the present case, the generating of 
the activation signals and the corresponding evaluation in 
the evaluation unit 8 ensure that only one safety zone 16 
that is stored in the evaluation unit 8 is activated at 
any point in time during the- operation of the optical 
sensor 1. Thus, an object detection occurs at any point 
in time within a clearly defined safety zone 16. 

00048 An activation signal that is read by the external unit 
via the communication interface 17 into the evaluation 
unit 8 contains an identification characteristic which is 
clearly assigned to one of the stored safety zones 16. 
For example, an unambiguous code can respectively be 
assigned to each safety zone 16 that is stored in the 
evaluation unit 8. The identification characteristic for 
the activation signal contains the code for the safety 
zone 16 to be activated. The activation signal that is 
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read in is decoded in the evaluation unit 8 and the safety- 
zone 16 .that corresponds to the respective code is then 
activated. 

00049 Since only one safety zone 16 is activated for this 
embodiment during the complete operating phase of the 
optical sensor 1, the currently activated safety zone 16 
is deactivated at the same time in the evaluation unit 8 
as a new safety zone 16 is activated in dependence on the 
activation signal that is read in. Thus, reading in the 
activation signal causes a safety zone switch - 

00050 If the optical sensor 1 is used in the area of 
protection of persons, it must meet the safety level 
required for this use. For this, the optical sensor 1 and 
in particular the evaluation unit 8 typically have a 
redundant design. 

00051 To maintain the required safety level, it is 
furthermore necessary that the safety zone switch occurs 
in the same way without errors. 

00052 Since the communication interface 17 typically has a 
single- channel design, the software in this case is 
correspondingly configured for the data transmission via 
the communication interface 17. 
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0053 A feedback signal is generated in the evaluation unit 
8 in response* to an activation signal to ensure the safety- 
level, wherein this signal is sent via the cominunication 
interface 17 back to the external unit 18. The data 
transmission occurs such that following the transmission 
of an activation signal, a corresponding feedback signal 
must be recorded in the external unit 18 during a 
predetermined time window- If, following the transmission 
of the activation signal, the feedback signal is not 
received or not correctly received in the external unit 18 
within this time window, an error message is generated and 
the data transmission is rejected as invalid. In that 
case, the data transmission is restarted by the external 
unit 18, so that the activation signal can again be read 
into the evaluation unit 8. 

0054 The feedback signal for the first embodiment consists 
of an acknowledgment confirming that the activation signal 
was received. Based on this acknowledgment, a check can 
be run in the external unit 18 to determine whether the 
activation signal was received correctly in the optical 
sensor l. The data transmission route via the 
communication interface 17 can be checked with the aid of 
this feedback signal . 
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00055 According to an advantageous second embodiment, the 
activation of the new safety zone 16 in the evaluation 
unit 8 is signaled by the feedback signal. m that case, 
the external unit 18 not only can check the data 
transmission route via the communication interface 17, but 
can also control the function of the evaluation unit 8 
during the safety zone switch.' 

00056 The invention has been described in detail with 
respect to exemplary embodiments, and it will now be 
apparent from the foregoing to those skilled in the art, 
that changes and modifications may be made without 
departing from the invention in its broader aspects, and 
the invention, therefore, as defined in the appended 
claims, is intended to cover all such changes and 
modifications that fall within the true spirit of the 
invention . 
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